Summary.-Axillary lymph nodes draining mammary carcinoma showed an alteration of both micro-architecture and lymphocyte subpopulations. Lymph nodes with a normal or increased T and/or B lymphocyte compartment (assessed by histology) had a low incidence of nodal tumour spread, whilst hypocellularity of the T-or Blymphocyte-dependent areas was associated with a significant increase in metastatic invasion. Tumour-draining lymph nodes, in particular the more proximal ones, were often enlarged, spherical and tense due to an increased cellular content, predominantly B lymphocytes and their various subsets. The increased number and percentage of B lymphocytes was associated with follicular hyperplasia and prominent germinal centres. Lymph nodes with a prominent paracortex tended to have a higher ratio of T to B lymphocytes than nodes with a hypocellular paracortical area, but in many instances both the T-and B-lymphocyte-dependent areas were increased. There was no correlation between a particular axillary-node lymphocyte subpopulation pattern (assessed by surface markers) and the size, degree of necrosis, inflammatory infiltrate or histologic type of breast carcinoma, or the presence of metastatic node invasion.
Summary.-Axillary lymph nodes draining mammary carcinoma showed an alteration of both micro-architecture and lymphocyte subpopulations. Lymph nodes with a normal or increased T and/or B lymphocyte compartment (assessed by histology) had a low incidence of nodal tumour spread, whilst hypocellularity of the T-or Blymphocyte-dependent areas was associated with a significant increase in metastatic invasion. Tumour-draining lymph nodes, in particular the more proximal ones, were often enlarged, spherical and tense due to an increased cellular content, predominantly B lymphocytes and their various subsets. The increased number and percentage of B lymphocytes was associated with follicular hyperplasia and prominent germinal centres. Lymph nodes with a prominent paracortex tended to have a higher ratio of T to B lymphocytes than nodes with a hypocellular paracortical area, but in many instances both the T-and B-lymphocyte-dependent areas were increased. There was no correlation between a particular axillary-node lymphocyte subpopulation pattern (assessed by surface markers) and the size, degree of necrosis, inflammatory infiltrate or histologic type of breast carcinoma, or the presence of metastatic node invasion.
ENLARGEMENT of lymph nodes adjacent to various solid tumours is a common finding in man. As early as the beginning of this century a number of gynaecologists had reported pelvic lymphadenopathy in some cases of carcinoma of the cervix (Sampson, 1.906; Wartman, 1959) .
Histological assessment of lymph nodes draining a variety of solid tumours (carcinoma of breast, cervix, colon, bladder, lung and head and neck) has revealed, in many instances, an alteration of nodal microarchitecture (e.g. Black et al., 1953; Hamlin, 1968; Tsakraklides et al., 1973; Patt et al., 1975) . This altered cellular organisation has been associated in a number of studies with a diminished incidence of tumour spread to the regional lymph nodes (e.g. Berg, 1] 956; Black & Speer, 1958; Anastassiades & Pryce, 1966; Tsakraklides et al., 1973) . Many authors have also reported an improved prognosis in those patients whose regional lymph nodes show an altered reactivity (e.g. Black et al., 1953; Wartman, 1959; Hamlin, 1968; Silverberg et al., 1970) . Recently, alterations of lymphocyte subsets have also been described in tumour-draining lymph nodes (Richters & Kaspersky, 1975; Tsakraklides et al., 1975a; Eremin et al., 1976; Saxon & Portis, 1977) .
In this paper we present further evidence substantiating such alterations in microarchitecture and lymphocyte subpopulations in lymph nodes (axillary) draining mammary carcinoma, and attempt to establish a correlation between the altered lymphoid compartments and the lymphocyte subpopulations detected in such lymph nodes. We also examine the relationship between these alterations in the lymph nodes and the prevalence of tumour metastasis.
MATERIALS AND METHODS

Clinical material
Forty patients with mammary carcinoma, clinically localised to the breast and axilla, and numerous patients with a variety of solid tumours (carcinoma of stomach, colon, rectum and lung) were studied. All patients with mammary carcinoma had a mastectomy and axillary clearance, and in 31 cases immunohistological assessment was carried out on a total of 157 axillary lymph nodes (mean of 5 per axilla). Draining lymph nodes were dissected out from the specimens in theatre, immediately after resection of the tumour. Normal lymph nodes were obtained during operations for non-malignant, non-inflammatory well-defined surgical conditions. Lymph nodes draining areas of inflammation were obtained during diagnostic or therapeutic surgical procedures.
Lymphocyte preparation
Lymph nodes were cleared of fat and fascia, placed in a small pot containing tissue culture medium (TCM) and gently ballooned by injection with TCM through several puncture sites. Cells spilled out during this procedure, and the remaining lymphocytes were isolated by teasing apart the swollen node. The fibrous debris was allowed to sediment and the cell-enriched supernatant removed through a 21-gauge needle. TCM contained RPMI 1640, 100 iu penicillin/ml, 100 tg streptomycin/ml, 0 7 g sodium bicarbonate/l and 25mM Hepes buffer and 10% heat-inactivated foetal calf serum. To remove contaminating polymorphs and monocytes, the cell suspension was incubated at 37°C for 1 h with carbonyl iron and the phagocytic cells removed by a magnet.
Lymphocyte markers
The various lymphocyte subpopulations were determined using lymphocyte markers, the methodology of which has been described previously (Eremin et al., 1976) . The nonspecific sheep-RBC rosette was used to determine the T-lymphocyte population (Brown & Greaves, 1974) . The B lymphocyte population (bearing surface immunoglobulin, slg) and the various subpopulations bearing different classes of immunoglobulins (JgG, IgM, IgA, IgD and IgE) were estimated by the direct antiglobulin rosetting (DAR) reaction (Coombs et al., 1977) . The antiglobulin reagent used to detect slg was a rabbit anti-human Fab. Human IgG was pepsin treated, the digest reduced with mercaptoethanol, treated with iodoacetamide and passed through Sephadex G100. The (Coombs et al., 1978) .
Initially the slg-bearing lymphocyte population was detected by the mixed antiglobulin rosetting (MAR) reaction (Hallberg et al., 1973a) . This assay, however, has been shown to detect the same number of slgbearing lymphocytes as the DAR test (Coombs et al., 1977) and the data from both assays have been pooled.
Fc-receptor-bearing lymphocytes were detected by opsonic adherence of ox red blood cells coated with a subagglutinating dose of rabbit IgG anti-ox-RBC antibody (Hallberg et al., 1973b) . C3-receptor-bearing lymphocytes were estimated by rosette formation with ox RBC sensitized with rabbit IgM anti-ox-RBC antibody and mouse complement (C5 deficient) (Eremin et al., 1976 Sections of the primary breast tumour were assessed and significant lymphocyte infiltration was noted.
RESULTS
Lymphocyte preparation
The lymphnode cell-isolation technique produced 98% viable cells of which 98%
were lymphocytes. The purity of the preparations was confirmed by smears stained with May-Grunwald-Giemsa and Sudan Black. The viability was assessed by phase-contrast microscopy.
Lymphocyte populations Lymph node subpopulations. Some of these data have been previously published elsewhere (Eremin et al., 1976) . Table I shows that lymph nodes in the axilla draining mammary carcinoma show a significant alteration of lymphocyte subsets from normal lymph nodes. This altered lymphocyte pattern, however, was seen irrespective of whether there had been tumour spread to the axillary nodes. There was a substantial reduction in the percentage of the T-lymphocyte population, and a corresponding increase in the percentage of the B-lymphocyte population and its subset of Fc-and C3-receptorbearing lymphocytes, but mainly C3-receptor-bearing lymphocytes.
Lymph nodes draining a variety of other solid tumours (carcinoma of stomach, colon, rectum and lung) showed a similar alteration of lymphocyte subsets, as did lymph nodes, in different anatomical sites, draining areas of sub-acute or chronic inflammation.
Examination of the slg-bearing lymphocyte population revealed (Table II) that, in normal lymph nodes, IgM was the predominant class of immunoglobulin detected on the lymphocyte surface, being present on 22 + 5% of the lymphocytes investigated. Other classes, such as IgG, IgA and IgD, were present to a lesser degree, but were fairly evenly distributed, whilst IgE was found on 1 + 1% of lymphocytes studied. These values, in association with the data from the other lymph nodes, suggested that many B lymphocytes possessed 2 or more immunoglobulin classes on their surface membrane, and this was confirmed by mixed rosetting assays (unpublished).
Inflammatory lymph nodes, although showing an increase in the percentage of lymphocytes bearing total slg, showed a similar pattern of class distribution, with no significant alteration of any particular Ig class. Regional tumour lymph nodes, draining a variety of solid tumours (carcinoma of stomach, colon and lung) and situated in close proximity to the tumour, (A) Similar results in nodes from dlifferent anatomical sites (Eremin et ((l., 1976 The Direct Antiglobulin Rosetting assay (DAR) was used to measure slg and the various Ig classes.
A-E as in Table I Il Ileocaecal lymph node close to ileocaecal junction (proximal) and mesenteric lymph node close to root of mesentery (distal).
Subpyloric lymph node (proximal) and cardial lymph node (distal) from carcinoma of the gastric antrum. *, tt Hilar lymph nodes (proximal) and paratracheal lymph nodes (distal) from 2 bronchogenic tumours. In the former (7), alteration of lymphocyte subsets found in both the proximal and distal draining lymph nodes. In the latter (8), no alteration of lymphocyte subsets detected in either the proximal or distal draining lymph nodes.
The position of the lymph node in relation to the growing solid tumour may markedly alter the lymphocyte subpopulations of that lymph node (Table III) . This is less well defined with axillary lymph nodes draining mammary carcinoma due to the confined space of the axilla. The lymphatic field of drainage of gastro-intestinal or bronchogenic tumours is much more extensive and more readily defined into proximal (primary draining) and distal (secondary or tertiary draining) lymph nodes.
Lymph nodes in close proximity to the tumour (e.g., carcinoma of colon) often showed a profound alteration (inversion) of the T:B lymphocyte ratio. More distal (secondary or tertiary draining) lymph nodes may either fail to show an alteration of this ratio (e.g., carcinoma of caecum and stomach) or show a similar subpopulation spectrum to that found in the more proximal lymph node (e.g., carcinoma of lung). At times both the proximal and distal lymph nodes had a normal lymphocyte subpopulation pattern (e.g., carcinoma of lung).
Physical characteristics of lymph nodes.-Certain physical characteristics of the draining lymph nodes may serve as a guide to the nodal reactivity and consequent alteration of lymphocyte subpopulations within that node. Size, although an obvious parameter, could by itself by misleading, as shown by the data in Table IV .
Some large nodes (2 cm) had a normal pattern of lymphocyte subpopulations, whereas many small nodes (0.5 cm) showed a pronounced alteration of this pattern.
The shape and consistency of the nodes were very important physical parameters. Oval or reniform, flattened or thin and soft nodes, even when large, had a normal subpopulation pattern. On the other hand, spherical or rounded, tense and oedematous or rubbery and firm lymph nodes, even when small, showed a marked alteration of their lymphocyte subpopulations. The change in shape and consistency was a reflection of the pronounced increase in the total cellular content of the node. Even these parameters, however, were sometimes misleading, as some normal but large lymph nodes in the axilla were swollen by a fatty central core, and felt firm.
Lymphnode histology
Axillary lymph nodes, removed from mastectomy specimens, showed, on histological assessment, evidence of alteration of their micro-architecture. In most cases the histological findings for any given set of lymph nodes from a particular axilla were uniform, and the individual lymphnode data pooled. Where, on occasion, there was variation amongst the lymph nodes of any one axilla the predominant t For the sake of simplicity, + to + + + was scored as prominent, and -to ---as depleted.
alteration was selected. These findings, on 157 lymph nodes in 31 axillae, are summarised in Table V as individual histological parameters, but in most lymph nodes more than one parameter was altered.
Paracortex.-The paracortical area, which represents the thymus-dependent lymphoid compartment of the lymph node, showed wide histological fluctuations, but the various histological patterns, in general, paralleled the T-lymphocyte populations (%) (Table VI) . That the Tlymphocyte percentages were not higher in lymph nodes with normal or prominent cortical areas was because most nodes showed evidence of increases of both the the T-and B-lymphocyte-dependent areas.
In one-third of the examined axillae, the lymph nodes had a normal paracortical area and a very low incidence (4%) of secondary tumour spread. In half of the axillae there was an increase in the paracortical area of the lymph nodes $There is a close correlation between the C3-receptor-bearing and slg-bearing lymphocyte populations, and either can be regarded as representative of the B-lymphocyte subpopulation, although the percentage of the former tends to be slightly higher. 0. EREMIN, P. ROBERTS, D. PLUMB AND J. P. STEPHENS and a low incidence (16%) of secondary tumour spread. In a small number of axillae, the lymph nodes had markedly reduced paracortical areas and a high incidence of tumour invasion (47%).
Sinus histiocytosis. Changes in sinus histiocytosis paralleled those of the paracortical compartment in only about twothirds of the cases and the T-lymphocyte percentages were unaltered by histological fluctuations (Table VI) .
In half the axillae examined, the lymph nodes showed prominent sinus histiocytosis and a low incidence of metastatic tumour spread (13%). One-quarter of the axillae had a normal pattern and a very low incidence of tumour spread (4%o).
Depletion of sinus histiocytes was detected in the remaining quarter of the lymph nodes, which had a high incidence of tumour metastasis.
Lymphoid follicles.-The Fc-receptor, C3-receptor and slg-bearing lymphocyte subpopulations were increased in lymph nodes with prominent lymphoid follicles (Table VI) , which represent the Blymphocyte-dependent compartment of the node. The slg-bearing population showed a close correlation with the C3-receptor-bearing subpopulation. Table V shows that, in one-fifth of the axillae examined, the lymphoid follicular area was normal and the incidence of tumour spread low (9%). In 70% of the axillae, there was an increase in the lymphoid follicles of the nodes. Although the percentage of node involvement was increased to 170, it was still less than that in the remaining small number of axillae (10%) where the follicular area was diminished and 32% of the nodes were invaded by tumour.
Germinal centres.-Germinal centres were prominent in some of the lymph nodes with an increased number of lymphoid follicles (Table VI) . The Fc-receptorbearing and slg-bearing populations were the same in these nodes as in those with prominent follicles but normal germinalcentre architecture. Lymph nodes with prominent germinal centres, however, tended to have a higher percentage of C3-receptor-bearing lymphocytes.
Half of the axillae examined had a normal germinal-centre architecture with a low incidence of tumour spread (14%) (Table V) . One third of cases had increased numbers of germinal centres and a persistent low incidence of metastatic invasion ( 12 %). In a small number of axillae, the lymph nodes had a diminished number of germinal centres and a prominent increase in the percentage of tumourinvolved lymph nodes (450 %).
Medulla plasma cells: Most of the lymph nodes (60%) had a normal number of plasma cells in the medulla. The percentage of slg-bearing lymphocytes in the nodes showed no correlation with the histological assessment of plasma cells.
Similarly no obvious correlation was detected between the number of plasma cells in the medulla and the incidence of tumour invasion of the axilla (data not shown).
Post-capillary venule. The specialized post-capillary venule (high-walled endothelium) in the paracortical area with its surrounding cuff of lymphocytes, was assessed histologically in 24 lymph nodes. Prominence of, and an increase in, postcapillary venule numbers and cellularity of the surrounding lymphocyte cuff was found to parallel paracortical hyperplasia, and probably represented an increased lymphocyte migration into the paracortical area (Goldschneider & McGregor, 1968) . This increased migration may or may not be selective for a particular lymphocyte subpopulation.
Tumour histology
Thirty-one mammary carcinomas, varying in size from 1 to 5 cm, were assessed histologically. Twenty-five were found to be intraductal and invasive, 1 was medullary, 2 were lobular and invasive and 3 were poorly differentiated and invasive. Within each tumour there was a wide variation in the degree of neoplasia, and it was not possible, in the samples available, to grade them.
A prominent lymphocytic inflammatory response, primarily at the tumour edge, was found in 7 specimens. In those cases where no axillary invasion by tumour had occurred, 6/19 (32%) had evidence of a prominent cellular infiltration. In those cases, on the other hand, where tumour had spread to the axillary nodes, 1/15 (7%) had evidence of a prominent cellular infiltration. Hence a high percentage (86%) of tumours with a lymphocytic infiltration had no evidence of tumour spread to the axillary lymph nodes.
We were unable to show, in the samples studied, any obvious correlation between the axillary Jymphnode lymphocyte subsets and the size of the tumour (1-5 cm) the degree of tumour necrosis (+ to + + +) the histological type of tumour or the presence or absence of a lymphocytic infiltration at the tumour edge.
]DISCUSSION Evidence has accumulated from a number of studies in man, showing that regional tumour lymph nodes, draining a variety of solid tumours of different pathological types, show an alteration of their micro-architecture (Black et al., 1953; Hamlin, 1968; Tsakraklides et al., 1973; Patt et al., 1975) . The results of this present investigation of axillary lymph nodes draining mammary carcinoma confirms these findings. In half of the axillae examined the lymph nodes had, on histological evaluation, an increased paracortical area. Increased sinus histiocytosis was similarly seen in half of the lymph nodes. The presence of both, however, was only seen in 60% of the examined nodes.
Seventy per cent of lymph nodes showed evidence of lymphoid follicular hyperplasia, whilst less than half of these had increased numbers of germinal centres. In many lymph nodes there was a concomitant increase in both the T and B lymphocyte-dependent compartments.
Histological studies of normal lymph nodes, obtained at autopsy or surgery, reveal that such prominent changes in lymphnode microarchitecture are rare in man (Black et al., 1953; Tsakraklides, 1975b) . Such changes, on the other hand, have been well documented in animals in regional lymph nodes draining skin homografts (Scothorne & McGregor, 1955; Turk, 1967) or a variety of tumours, whether spontaneous (Edwards et al., 1971; Fisher, 1977) or chemically-induced (Kruger, 1967; Alexander et al., 1969; Flannery et al., 1975; Nelson & Kearney, 1976; Robinson et al., 1977) These changes of cellular organization within a draining lymph node suggest an altered reactivity and a possible defence mechanism on the part of the host.
The present study shows that axillary lymph nodes depleted of either the T (paracortex) or B (follicles, germinal centres) lymphocyte-dependent compartments had a high incidence, in some cases up to 50%0, of metastatic tumour invasion.
Conversely, a normal or prominent T-or B-lymphocyte-dependent compartment was associated with a low incidence of tumour metastasis.
Regional lymph nodes with prominent germinal centres and follicular hyperplasia, draining various solid tumours (carcinoma of cervix, head and neck, and lung) have been shown by several workers to be associated with a decreased incidence of tumour spread (Tsakraklides et al., 1973; Berlinger et al., 1976; Di Paola et al., 1977; Van Nagell et al., 1977) . These same authors similarly reported a low incidence of nodal invasion where there was a prominent paracortical area in the regional tumour nodes. Prominent sinus histiocytosis in axillary tumour lymph nodes has been described by a few workers as not influencing nodal metastases (Dike & Lane, 1963; Kister et al., 1969) . Most authors, however, describe the presence of prominent sinus histiocytosis in nodes draining carcinoma of the breast as being associated with a reduced incidence of tumour spread to such nodes (Berg, 1956; Black & Speer, 1958; Wartman, 1959; Fisher et al., 1975) . In the present study, lymph nodes showing diminished sinus histiocytosis had a significantly higher incidence of tumour invasion.
Axillary lymph nodes removed from the mastectomy specimens in the present study, as previously reported (Eremin et at., 1976) showed a profound alteration in lymphocyte subpopulations. The percentage of T lymphocytes was reduced and there was a corresponding increase in the percentage of B lymphocytes. Both the Fc-receptor-and C3-receptor-bearing lymphocyte subpopulations were also increased, but with a persistence of the normal C3-receptor-bearing lymphocyte predominance. Tumour invasion of the axilla, however, had no effect on the lymphnode subsets detected (tumour-free nodes) and accords with the findings of Tsakraklides et al. (1975a) . It was not possible, with the specimens available, to find any correlation between the histological type of tumour or its grade of malignancy, and the particular lymphocyte pattern detected. There did not appear to be any obvious correlation between the size of the growth, degree of tumour necrosis, or the presence or absence of a lymphocytic infiltrate at the periphery of the tumour and the lymphocyte subpopulations detected in the tumour-draining node.
Regional lymph nodes draining various solid tumours (carcinoma of stomach, colon and lung) showed similar alterations of lymphocyte subpopulations. These changes in the T-and B-lymphocyte subpopulations were first evident, most pronounced and often localized in the proximal draining lymph nodes, which undergo alterations of size, shape and consistency due to an increase in the total lymphocyte content. Palpation of the axilla during physical examination is often an unreliable method of assessing tumour spread (Fisher et al., 1975 (Onoe, 1976; Gery et al., 1977) . These findings suggest a comparable host defence mechanism by the human regional tumour lymph nodes.
In this study the incidence and distribution of Ig classes on the B lymphocytes was also investigated. Apart from an increase in the percentage of slg-bearing cells, the percentage of B lymphocytes carrying the various Ig classes (JgG, IgM, IgA, IgD and IgE) was also increased in the regional tumour lymph nodes. The IgM-bearing lymphocyte subpopulation was predominant in both the normal and tumour-draining lymph nodes. This disagrees with Burtin et al. (1969) who found IgA to be predominant in tumourdraining nodes. Again, tumour spread to the axilla did not increase the percentage of the IgM-bearing lymphocyte subpopulations in our study, and contrasts with the findings of Richters & Kaspersky (1975) . There was, however, a reversal of the IgA:IgD ratio in tumour-free axillary lymph nodes where axillary spread of tumour had occurred. A similar increase in IgD has been described by Fontaine et al. (1974) in lymph nodes invaded by tumour. The significance of these findings is uncertain. Lymph nodes in close proximity to tumours showed a pronounced increase in all the Ig classes, and these findings suggest that such lymphocytes (as well as others) carry at least 2 Ig classes on their cell membrane (unpublished findings; Fontaine et al., 1974; Dhaliwal et at., 1978) .
In general, there was an association between the micro-architecture of the tumour lymph node and the lymphocyte profile of the node. Increased paracortical areas tended to have higher percentages of T lymphocytes whilst a node with a depleted paracortex tended to have a lower percentage of T lymphocytes. Similarly, follicular hyperplasia and increased numbers of germinal centres were found in nodes with increased C3-receptor-and slg-bearing lymphocytes. Tsakraklides et al. (1975a) had reported similar findings in axillary nodes draining carcinoma of the breast.
The majority of the nodes had follicular hyperplasia, but only half had paracortical enlargement, and this was reflected in the altered T-and B-lymphocyte ratio detected in such nodes. Many lymph nodes had an increase in both the T and B lymphocyte-dependent compartments of the node, the resultant T lymphocyte percentages being therefore a sum of both the T-and B-lymphocyte population increases, and consequently reduced. In some lymph nodes a hypocellular paracortical area coexisted with a normal or prominent follicular area. Lymphocyte subpopulation estimates carried out on lymphocytes isolated from nodes showing micro-architectural heterogeneity were often comparable. This explains the lack of correlation between a particular lymphocyte-subset spectrum and nodal tumour invasion.
Most nodes showing alterations of lymphocyte subsets (and shape and size) had an increased total lymphocyte content. This is probably partly due to an increased influx of lymphocytes across the specialized post-capillary venules in the paracortical area, as evidenced in our study by the prominence and increased numbers of these venules with their surrounding lymphocytic cuffs (Parrott, 1967; Goldschneider & McGregor, 1968) . Both T and B lymphocytes migrate across the specialized post-capillary venule (Nienwenhuis & Ford, 1976) and there is no evidence of selective subpopulation migration. The increased cellularity of the paracortical area probably represents a true increase in the T-lymphocyte subpopulation, but also reflects the total nodal lymphocyte increase, including the B-lymphocyte subpopulation, which following its entry across the post-capillary venule into the paracortex, remains for a few hours before migrating to the follicular area (Nienwenhuis & Ford, 1976) . Some of the increased cellularity (T and B lymphocytes) of the draining tumour lymph node could be a reflection of a local immune response against -the mammary tumour. It is not possible to say with certainty whether this altered nodal reactivity (local immune response) is breasttumour specific. There was, however, no obvious correlation between any of the factors discussed above and the presence of lymphoblasts or the plasma-cell content in the medulla.
